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Meta-Analysis
Audit and Feedback Features Impact Effectiveness on Care Quality

Sylvia J. Hysong, PhD

Background: Audit and feedback (A&F) has long been used to
improve quality of care, albeit with variable results. This meta-
analytic study tested whether Feedback Intervention Theory, a
framework from industrial/organizational psychology, explains the
observed variability in health care A&F research.

Method: Data source: studies cited by Jamtvedt’s 2006 Cochrane
systematic review of A&F, followed by database searches using the
Cochrane review’s search strategy to identify more recent studies.
Inclusion criteria: Cochrane review criteria, plus: presence of a
treatment group receiving only A&F; a control group receiving no
intervention; a quantitatively measurable outcome; minimum n of 10
per arm; sufficient statistics for effect size calculations. Moderators:
presence of discouragement and praise; correct solution, attainment
level, velocity, frequency, and normative information; feedback
format (verbal, textual, graphic, public, computerized, group vs.
individual); goal setting activity. Procedure: meta-analytic proce-
dures using the Hedges-Olkin method.

Results: Of 519 studies initially identified, 19 met all inclusion
criteria. Studies were most often excluded due to the lack of a
feedback-only arm. A&F has a modest, though significant positive
effect on quality outcomes (d = 0.40, 95% confidence interval =
*0.20); providing specific suggestions for improvement, written,
and more frequent feedback strengthened this effect, whereas graph-
ical and verbal feedback attenuated this effect.
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Conclusions: A&F effectiveness is improved when feedback is
delivered with specific suggestions for improvement, in writing, and
frequently. Other feedback characteristics could also potentially
improve effectiveness; however, research with stricter experimental
controls is needed to identify the specific feedback characteristics
that maximize its effectiveness.
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udit and feedback (A&F), that is, furnishing providers

with “summaries of clinical performance of health care
over a specified period of time”' has a longstanding tradition
as an intervention to change provider behavior, and conse-
quently, quality of health care. As a form of “knowledge of
results,”* it is thought to improve performance by offering
providers current performance information and motivation to
improve; A&F has been used to improve a wide range of
behaviors in clinical practice across many different set-
tings,*© making it a highly flexible intervention. Though in
the past A&F may have been laborious, requiring manual
abstraction of paper charts, the increase in providers with
access to electronic medical records’ makes A&F a more
feasible proposition. Recently, A&F has gained renewed
attention due to its essential role in effectiveness of and
attitudes toward emerging physician-based performance mea-
surement and pay-for-performance initiatives.>” A&F has
also been suggested as an important component in continuing
education, as research has shown physicians have limited
ability to accurately assess their continuing education
needs.'® Consequently, health care organizations, providers,
and patients alike thus stand to gain significantly from a
well-designed and implemented A&F intervention.

Despite its potential, research reports that A&F is
variably effective.'"'""'? In their systematic review of A&F
effectiveness, Jamtvedt et al' found mixed results and attrib-
uted these findings partially to differences in the specific
features of the various feedback interventions.'® Studies ex-
amining specific features of A&F are scarce in the health care
literature; one possible reason for this is the lack of a
theoretical framework within health care to describe the most
impactful components of a feedback intervention. As Foy et
al point out,"® we have “an inadequate understanding of the
causal mechanisms by which (A&F) or its variants might
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exert their effects.” Without such a framework, we can
neither understand what factors may impact the effectiveness
of A&F nor refine the interventions.

Kluger and DeNisi’s'* Feedback Intervention Theory
(FIT), a well-documented framework from industrial/organi-
zational psychology, could apply to A&F in health care and
may provide the necessary lens through which A&F inter-
ventions could be better understood and evaluated. Thus, the
purpose of the present research is to apply FIT to the problem
of A&F effectiveness in health care settings to help explain
observed findings in the health care literature. The present
research replicates Kluger and DeNisi’s meta-analytic find-
ings from the organizational literature by conducting a meta-
analysis of the health care literature in which we examine the
relationship between A&F and clinical practice guideline
adherence, using the feedback and task characteristics pro-
posed by FIT as moderators.

Conceptual Model: Understanding How
Feedback Works via FIT

In their seminal work, Kluger and DeNisi formulated
FIT and presented robust meta-analytic support for its tenets,
thus dispelling the then popular belief that all feedback
interventions were effective. According to FIT, behavior is
regulated by comparing feedback to hierarchically organized
goals or standards (eg, providers drawing blood from a
patient do so in the same manner until they notice they are not
meeting some standard, such as patients complaining of
painful blood draws). Attention is limited and usually di-
rected at a moderate level of the hierarchy; only gaps that
receive attention have the potential for change. Thus feed-
back interventions work by providing new information that
redirect recipients’ attention either toward or away from the
task (ie, the clinical performance issue in question, such as
prescribing appropriate medication). Phenomena that redirect
attention toward the details of the task tend to strengthen
feedback’s effect on task performance; phenomena that shift
attention away from the task tend to weaken this effect.'®

Kluger and DeNisi proposed that 3 factors determine
how effectively this attentional shift occurs: (1) characteris-
tics of the feedback itself (these can be content or format
related), (2) the nature of the task performed, and (3) situa-
tional and personality variables. This article focuses on feed-
back characteristics exclusively, as they seem to be studied in
the least detail in the A&F literature (eg, Jamtvedt already
examined task characteristics such as task complexity and
outcome seriousness, but examined feedback characteristics
as a single “intensity” variable).

In their meta-analytic test of FIT, Kluger and DeNisi
found several feedback characteristics that significantly im-
pacted A&F effectiveness, consistent with their propositions:
(1) discouragement (providing discouraging verbiage; eg,
“your performance was substandard”), praise (providing en-
couraging verbiage; eg, “you are an excellent provider”), and
verbally delivered feedback, which directed attention away
from the focal task, decreased effects on performance; (2)
velocity (amount of change in performance since last feed-
back intervention), correct solution information (information
that helps the feedback recipient see what must change to
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improve performance; eg, suggesting appropriate medica-
tions and dosages in inappropriate prescribing reports), and
feedback delivered via computer, which directed attention
toward the details of the task increased feedback’s effect on
performance; and (3) feedback intervention effects were
greater when accompanied with goal setting efforts. The
present research aims to replicate Kluger and DeNisi’s find-
ings using health care research studies. Consistent with their
work, the following effects are hypothesized:

Hypothesis 1: A&F will positively impact provider
performance.

Hypothesis 2: A&F characteristics that shift the locus
of attention toward the details of the task will augment the
effect of A&F on performance.

Hypothesis 3: A&F characteristics that shift the locus
of attention away from the task details will attenuate the
effect of A&F on performance.

METHODS

Identification of Studies

Search Strategy. The Cochrane Database of Systematic Re-
views has published and updated a systematic review on
A&F.' Because the present study is a replication aiming to
apply a theory from one discipline to the body of literature in
another discipline, the studies used by the Jamtvedt system-
atic review (kK = 122) served as the primary data source for
the present study. Additional literature searches were then
conducted on PubMed using the same search strategy as the
Jamtvedt systematic review to identify any relevant articles
published since the Jamtvedt systematic review was con-
ducted (2005 or later). This search yielded an additional 397
studies.

Inclusion Criteria. As the primary source of studies was an
existing systematic review, the initial inclusion criteria were
those used by the Jamtvedt systematic review: randomized
controlled trials of the effectiveness of A&F on objectively
measured performance of providers in a health care setting or
on health care outcomes. Studies using students as partici-
pants, or that measured knowledge, or test performance were
excluded.

Further, the same inclusion criteria as Kluger and
DeNisi were used herein as the purpose of this study is to
replicate their findings in the health care literature. The initial
inclusion criterion is, of course, that the main focus of the
study be the evaluation of an A&F intervention as a tool for
changing individual clinician behavior in a health care setting
(ie, the dependent variable is individual performance level of
the task in question). Studies must have: (1) a group that
received only a feedback intervention; (2) a control group that
received no intervention; (3) a measurable outcome of per-
formance; (4) a minimum sample size of 10 per condition;
and (5) sufficient information for calculating an effect size. A
trained coder and the principal investigator independently
screened the studies. Inter-rater agreement was 92%; discrep-
ancies were resolved by discussion and consensus.
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Operationalization of Moderators

Kluger and DeNisi’s work served as the theoretical and
operational framework used to identify and code the moder-
ators of A&F effectiveness herein. Kluger and DeNisi’s 7
significant feedback characteristics plus 5 characteristics
along which A&F interventions commonly vary were coded
for this study. These characteristics fall into 3 types: charac-
teristics about feedback content, feedback format, and feed-
back frequency. Appendix A lists the values of the included
studies along all moderators (http://links.lww.com/A665).
Feedback Content. Studies were coded for the presence or
absence of (1) correct solution information, (2) attainment
level (whether participants received actual performance in-
formation), (3) velocity, and (4) normative information (com-
parison of subject performance levels with that of others or a
reference group). Goal setting type (if any) was also coded:
(1) difficult and specific goals, (eg, “decrease your rates of
inappropriate prescribing by 10% in 30 days”) (2) “do your
best” goals (eg, “decrease your rates of inappropriate pre-
scribing as much as you can”), or (3) no goals at all.
Feedback Format. Six formats were each dummy coded
separately: whether feedback was provided (1) verbally, (2)
textually, (3) graphically, (4) delivered via computer (as
opposed to a live person), (5) delivered publicly, and (6)
whether feedback referred to group versus individual perfor-
mance.
Feedback Frequency. Frequency was coded as the ratio of the
number of feedback episodes to the length of the study period
in months.

Procedure and Analyses

Studies were coded for the aforementioned moderators
independently by the principal investigator and a trained
coder. Inter-rater agreement was 83%; as before, disagree-
ments between coders were resolved via discussion and
consensus.

Each study reported multiple outcomes; however, to
avoid violating the assumption of independence, each study
was represented only once. Given the small number of studies
in the data set and the history of mixed findings in terms of
A&F’s effectiveness, a “proof of concept” approach was
adopted, and thus the largest effect size from each study
(whether positive or negative) was included in the meta-
analysis. Nonetheless, sensitivity analyses were conducted
using the smallest effect size from each study.

Meta-analytic procedures using Hedges and Olkin’s
method'® were used to calculate a mean effect size (the
standardized mean difference or d) and the 95% confidence
interval for the impact of A&F on task performance, using a
random effects model. Random effects models tend to yield
larger standard errors than fixed effects models when the
number of studies is small,'® often resulting in too conserva-
tive of an estimate when comparing subgroups, as in moder-
ator analyses. However, FIT suggests that the task of interest
moderates the effectiveness of the feedback intervention. As
the current study set encompasses a range of outcome mea-
sures, it cannot be assumed that the true effect size is the same
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for all studies [confirmed via a significant Q statistic (Q =
72.55, P < 0.001)]; thus, random effects estimates were used.
Additionally, several diagnostic tests were also performed to
confirm the stability of the overall effect size estimate. Leave-
one-out analyses were conducted to ensure that no single
study unduly influenced the estimate. Cumulative analyses
were computed for the study to check for biases in d due to
publication date and sample size. Small study bias was also
tested using Egger’s regression test; Rosenthal’s failsafe N
was computed to test for publication bias.

To test for moderator effects, subgroup analyses were
performed using fixed effects estimates. As stated earlier,
random effects models greatly overestimate the sampling
error when the sample size is small; thus the problem is
exacerbated when conducting subgroup analyses. Further, as
studies within a subgroup are more homogeneous than the
overall study set, the problem of underestimation of sampling
error is less than in the overall study set.'” Thus fixed effect
estimates are appropriate in this case. Subgroups for a mod-
erator whose confidence intervals did not overlap were con-
sidered significantly different from each other. Because of the
number of included studies, only single-moderator effects
were tested. Meta-regression was used to test for the moder-
ating effect of feedback frequency, as this was a continuous
variable.

RESULTS

Studies Included in the Meta-Analysis

Figure 1 summarizes the study selection process. The
set of included studies from the Jamtvedt review (k = 122)
and the additional recent article literature search (k = 397)
yielded at total of 519 candidate studies for inclusion in the
present study. After reviewing the abstracts of the articles
published since the Jamtvedt review and applying the
Jamtvedt review’s exclusion/inclusion criteria (and the
Kluger and DeNisi criteria if discernible from the abstract),
393 of the 397 studies were excluded. Figure 1 summarizes
the reasons studies were excluded from the study; thus a total
of 126 studies were evaluated for inclusion into our study.
After applying the Kluger and DeNisi criteria to these 126
studies, 16 of these met all inclusion criteria. As seen in the
table, the most common exclusion was the lack of a “feed-
back only” condition; most of these studies employed multi-
faceted interventions of which A&F was a part (the complete
list of studies, by reason for exclusion, is presented in
Appendix B, http:/links.lww.com/A666). This is consistent
with previous research.':'?

Several strategies were employed to increase the num-
ber of included studies. First, the RCT requirement was
relaxed to include non-RCT studies that included a concur-
rent control group. However, none of the potentially eligible
studies featured a concurrent control group; thus the RCT
criterion was retained. Next, the requirement of 10 subjects
per arm was relaxed to seven; 2 studies were eligible for
inclusion; however, sensitivity analyses indicated no change
in study results but an increase in error around the parameter
estimates; thus the original criterion was retained as well.
Finally, 21 studies reported insufficient statistics in their
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Articles from included
list in Cochrane review

Articles since publication
ofreview, using Cochrane
search strategy

Studies excluded after abstract review

(122) 397)
Not about feedback as defined in this study 263
l Patients, not clinicians, received feedback 46
Not RCT 17
Articles excluded after Only student participants 19
< reviewing abstracts Feedback unrelated to healthcare 17
(393) Feedback unrelated to performance 8
No true control group 8
k No feedback only condition 12
Feedback is not the intervention 2
Articles reviewed %‘)eéﬂnmary findings only (not suitable for M-A) 3931
(126)
l Studies excluded after full study screening?
Articles excluded after Eo fee(ibalckonlycondilion g;
it ; o control group
mltlal(sli)rg)enmg Insufficient information for calculating an effect size 29
Insufficient subjects per study arm 26
No measurable outcome 5
l Total 157 3
Articles included in study
19)

! This set of exclusions refers exclusively to the set of articles published since the Cochrane systematic review; since the Cochrane
review’s criteria were used to search and identify new articles, articles retrieved from the Cochrane review’s “included articles™list did not
receive abstract review (they went straight to initial screening) and are thus not included here.

2This set of exclusions uses all studies retrieved from the Cochrane review’s “included articles™list, plus all the articles retained after

abstract review.

5 The total number of studies adds up to more than the total number of studies reviewed (126) because some articles failed to meet more

than one inclusion criterion. 28 articles failed to meet two exclusion criteria; three articles failed to meet three inclusion criteria, and one

article failed to meet all five inclusion criteria.

FIGURE 1. Study selection flow diagram.

published article with which to calculate effect sizes. Re-
quests for additional statistics were sent to all 21 authors via
either mail or email. Three authors responded, increasing the
final number of included studies to 19. This study selection
process is summarized in Figure 1.

Omnibus Effect Size Test

Figure 2 presents the effect sizes (Cohen’s d) and 95%
confidence intervals for each of the studies included in the
meta-analysis and the overall effect size estimate; Table 1
presents results of the omnibus tests, publication bias, and
sensitivity analyses. As seen from the figure, 15 of the 19
studies exhibited positive effect sizes, though 6 of these did
not differ significantly from zero. The effect size estimate of
0.40 (95% confidence interval [CI] = *=0.20) suggests that
A&F has a modest, though significant effect on the outcome
of interest. Leave-one-out analyses showed no significant
change in results, with effect sizes ranging from 0.33 (95% CI
= %+0.19) to 0.44 (95% CI = *=0.20), suggesting that no one
study unduly influenced the results. Cumulative analyses
by year (Q = 2.44, P = 0.11) showed no significant biases
in d due to studies’ publication date. Similar analyses by
sample size (n), however, indicate a significant, though
small positive effect of sample size on d, (Q = 7.21, P =
0.007) suggesting that studies with smaller, less stable
sample sizes may be slightly less able to detect an A&F
effect; thus, the effect size reported above may represent a
conservative estimate. Egger’s regression test indicated no
evidence of small study bias (¢r = 0.93, P = 0.36).
Rosenthal’s Fail-safe N estimates 246 studies would be
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needed to nullify these results, well beyond the 110 studies
needed (per the 5k+10 rule) to rule out publication bias.

Sensitivity analyses using minimum effect sizes
yielded an estimate of 0.21 (95% CI = *=0.14), which does
not significantly differ from the original estimate using the
largest effect size for each study. Leave-one-out tests and
publication bias tests yielded similar results as analyses of the
original data set (Table 1). However, in the original data set,
effect sizes for 11 studies were nonsignificant, including 5
studies with negative effect sizes. This suggests moderators
may be present.

Moderator Analyses

Five moderators, attainment level, praise, discourage-
ment, computer-delivered feedback, and goal setting, were
not tested due to a lack of studies for comparison (eg, no
studies reported using discouragement; all studies reported
using attainment level, thus no comparisons were possible).

Table 2 summarizes the results of the moderators that
were tested. Four moderators significantly impacted the effect
of A&F on outcomes: (1) correct solution information and (2)
written feedback delivery augmented feedback effectiveness,
whereas (3) verbal and (4) graphic feedback delivery atten-
uated feedback effectiveness; providing both individual- and
group-level feedback may be beneficial, though this cannot
be confirmed with these data due to the large standard errors
and the small sample size. The presence of normative infor-
mation did not significantly impact A&F effectiveness, nor
did public delivery of feedback. Feedback frequency signif-
icantly moderated the effectiveness of A&F, such that more

© 2009 Lippincott Williams & Wilkins
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Effect Sizes, 95% Confidence Intervals, and Sample Sizes for Included Studies

Study Name Statistics for each study Sample size Std diff in means and 95% CI
Std diff Lower Upper
in means  limit limit Treatment Control
Fihn et al ,2004 -0.55 -1.11 0.015 14 14 ——
Lomas et al ,1991 -0.44 -0.99 0.119 19 38 —t—
Robling et al ,2002 -0.28 -0.70 0.133 39 53 —
Heller et al ,2001 -0.06 -0.38  0.263 18 18 —_—
Wahlstrom et al ,2003 0.07 -0.73 0.872 12 12 —_—
Everett et al ,1983 0.22 -0.59  1.022 13 11 —_—
Bentz et al ,2007 0.24 0.03 0.443 10 9 -+
Mainous et al ,2000 0.27 -0.11  0.643 49 62 —_—
Bonevski et al ,1999 0.30 0.11 0.485 9 10 -+
Sommers et al ,1984 0.41 0.10 0.722 51 52 ——
Hershey et al ,1986 0.52 -0.06  1.090 24 24 —t
Socolar et al. ,1998 0.55 0.12 0.981 42 45 ——
Raasch et al ,2000 0.69 0.09 1.292 23 22 ——
Moongtui et al., 2000 0.74 0.30 1.169 36 55 ——
Marton et al ,1985 0.88 0.10 1.657 14 14 —_—
Anderson et al., 1996 1.05 0.31 1.786 17 15 —_—
Berman et al ,1998 1.05 0.24 1.852 13 14 —_—
Eccles et al ,2001 1.23 0.84 1.612 62 61 ——
Schectman et al ,1995 1.49 0.69 2.296 43 42 I
0.40 0.19 0.603 —+

-2.50 -1.25 0.00 1.25 2.50

Feedback Detrimental Feedback Effective

Note: Ombnibus test, random effects model

FIGURE 2. Effect sizes and 95% confidence intervals of studies included in meta-analysis.

TABLE 1. Summary of Omnibus Tests, Publication Bias Statistics, and Sensitivity Analyses

Maximum Effect Sizes Minimum Effect Sizes
95% CI 95% CI
Effect Size Lower 95% CI Upper 95%CI Effect Size Lower 95% CI Upper 95% CI
Test (Cohen’s d) Limit Limit (Cohen’s d) Limit Limit
Omnibus tests
Omnibus Test 0.40 0.19 0.60 0.21 0.07 0.35
Leave-one-out
Lowest 0.33 0.14 0.51 0.18 0.04 0.31
Highest 0.44 0.24 0.64 0.24 0.10 0.37
Statistic P Statistic P
Tests of publication bias
Cumulative by year (Q-statistic) 2.44 0.11 0.19 0.65
Cumulative by sample size (Q-statistic) 7.21 0.01 1.43 0.23
Egger’s regression test (Student’s #) 0.93 0.36 0.22 0.82
Rosenthal’s fail-safe N 246 N/A 79 N/A

Effect size reported is Cohen’s d, the standardized mean difference between groups.

frequent feedback augmented A&F effectiveness (B = 0.07,
P = 0.025). This last result is contrary to Kluger and
DeNisi’s original findings; they found that greater frequency
of feedback decreased the impact of feedback on perfor-
mance; however, in their study, feedback was operationalized

© 2009 Lippincott Williams & Wilkins

as the number of feedback episodes, not accounting for study
period length, which could explain this discrepancy.

One potential concern with aforementioned results is
that the moderators could be correlated, thereby making
individual moderator tests less interpretable. Correlation
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TABLE 2. Summary of Subgroup Analyses for Feedback
Characteristics and Meta-Regression of Feedback Frequency
on Effect Size

95% CI
No. Effect

Moderator Studies Size* LCL UCL

Correct solution information

Yes' 6 0.78° 0.55  10.00
Nof 12 0.23° 0.11 0.34
Not reported 1 0.30° 0.11 0.48
Feedback delivered graphically
Yes 4 0.13% —0.05 0.31
Nof 11 0.66° 0.51 0.81
Not reported 4 0.14% —0.003 0.29
Feedback delivered in writing
Yes' 14 0.49% 0.38 0.60
No 3 0.10° —0.07 0.26
Not reported 2 -0.21° —0.58 0.16
Feedback delivered verbally
Yes 5 0.10* —0.09 0.29
Nof 11 0.41° 0.30 0.51
Not reported 3 0.25**  —0.06 0.57
Group vs. individual feedback
Individual only" 9 0.31 0.19 0.42
Group only" 7 0.34 0.19 0.49
Group and individual’ 2 0.96 040  10.52
Not reported 1 0.07 —0.73 0.87
Feedback delivered publicly
Yes’ 5 0.26 0.13 0.39
No' 12 0.38 0.25 0.50
Not reported” 2 0.78 0.21 10.35
Normative information
Yes’ 8 0.32 0.19 0.46
No' 9 0.37 0.21 0.54
Not reported” 2 0.28 0.11 0.47
Feedback frequency B* SE LCL UCL
Slope’ 0.07"  0.03 0.009  0.13
Intercept® 0.28%  0.05 0.18 0.38

*Effect size reported is Cohen’s d, the standardized mean difference between
groups.

"Denotes effect is significantly different from zero at the 0.05 level.

For feedback frequency, reported statistic is the B-weight reflecting the change in
Cohen’s d per increase in 1 unit of frequency (ie, each additional feedback instance
results in an estimated increase in effect size of 0.07).

SDenotes effect is significantly different from zero at the 0.01 level. Within each
moderator, subgroups with superscripts of different letters denote subgroups that
significantly differ from each other (eg, studies that used correct solution information
have significantly higher effect sizes than the other 2 subgroups; the other 2 subgroups,
however, do not significantly differ from each other). Subgroups of a moderator without
lettered superscripts do not significantly differ from each other.

CI indicates confidence interval; LCL, lower confidence limit; UCL, upper confi-
dence limit.

analyses suggested individual moderator analysis was appro-
priate; only 3 moderator pairs were significantly correlated:
velocity and graphical delivery (0.65), attainment level and
correct solution information (—0.5), and graphical and textual
delivery (—0.65). The first correlation is understandable, as
charts and graphs are well suited for the display of change
over time, which is what velocity conveys. The latter 2
correlations are due to the presence of a disproportionate

6

distribution of studies across the cells; nearly all studies
reported attainment level, yet only a few studies provided
correct solution information. A similar pattern was observed
in graphical versus textual delivery, hence the strong corre-
lation.

DISCUSSION

Organizational and management research has made
significant progress in understanding how feedback works,
and much of that knowledge can be applied in health care.
For example, in order for feedback to be maximally effective,
it needs to keep the recipient focused on the task'®; certain
feedback characteristics, such as frequency and individual-
ization tend to augment this effect. Indeed, frequent, individ-
ualized, and nonpunitive feedback has been shown to be
effective in helping primary care providers adhere to clinical
practice guidelines.'® This meta-analytic study sought to
apply industrial/organizational psychology’s FIT to health
care’s A&F literature to clarify the observed variability in
findings. Despite the large number of studies excluded due to
the lack of proper experimental controls (eg, lack of control
groups and treatment groups that received only A&F, ade-
quate sample sizes, complete reporting of results), a modest,
yet significant, positive effect of A&F effectiveness was
found overall. Additionally, providing correct solution infor-
mation in the feedback, providing feedback in writing rather
than verbally or graphically, and more frequent feedback
augmented A&F’s effect on the outcomes of interest. Provid-
ing combined group- and individual-level feedback appeared
to impact feedback effectiveness; however, definitive conclu-
sions could not be made due to the large error margins around
the estimates for this characteristic.

These findings are largely consistent with Kluger and
DeNisi’s findings in the managerial literature, where they
found significant, positive effects of feedback and significant
moderation of this effect by correct solution information
(positive) and verbal feedback delivery (negative). The
present finding of graphical feedback delivery as a significant
moderator (negative) is counterintuitive and contrary to
Kluger and DeNisi’s predictions. The set of studies using
graphical feedback included 2 of the 3 studies that did not use
textual feedback; additionally, only one of the studies used
correct solution information. Thus it is possible that in this
case, graphical delivery might be a marker for a generally
poorly conceived or implemented intervention, though this is
admittedly speculative.

The findings are also consistent with the Jamtvedt
review’s findings: both studies found a significant, though
modest effect of audit and feedback on clinical performance;
further, Jamtvedt et al attributed their results largely to
differences in the specific features of the feedback used in the
studies. The present study is consistent with these findings
and goes one step further by identifying specific, theory-
based characteristics that improve feedback effectiveness.
Particularly, the use of correct solution information is a
unique contribution not previously addressed in the health
care literature. A recent clinical practice guideline study
suggests that to be actionable, feedback must be timely,

© 2009 Lippincott Williams & Wilkins
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individualized, and meaningful.'® Other research has noted
that feedback effectiveness is significantly augmented when
paired with goal setting — this would be consistent with FIT’s
notion that behavior changes due to feedback-standard com-
parisons (the goal would provide a clear standard for com-
parison).'” It is plausible that correct solution information
provides added meaning and clear standards; this would be
consistent with extant research and would provide a new
feature of audit and feedback worth additional study.

Limitations

The most obvious limitation in this research is the large
number of studies excluded from analysis and the small
resulting sample size. However, some exclusions (eg, no
control group) improve the precision of findings, whereas
others (eg, insufficient statistics) have a detrimental effect.
The most common reason for excluding a study was the lack
of a “feedback only” group (67/296, or 23%). This reflects a
trend towards multifaceted interventions fueled by systematic
reviews in the late 90’s suggesting that multifaceted inter-
ventions were more effective,”*' though a more recent
literature review suggests they are no more effective’” than
single interventions. Including such studies would have in-
troduced significant error in the overall parameter estimate,
and would have confounded any observed moderator effects
with other nonfeedback-related components of the interven-
tion. Conversely, only a small number of studies were ex-
cluded due to insufficient reporting of statistics (18/296, or
6%). Further, no evidence of publication or small study bias
was found, and sensitivity analyses showed the effect size to
still be significant even if the smallest effect sizes are used.
Thus, the findings in this study yield useful information,
despite the small number of studies included. Nevertheless,
this illustrates the importance of evaluating the effectiveness
of theory-based quality improvement interventions with
stricter experimental controls, and reporting both intervention
details and statistical findings in greater detail.

Five moderators were untestable because of the un-
availability of studies in a given moderator arm (eg, no
studies were available that used goal setting as part of their
audit and feedback intervention). In this case, however, this
reflects differences in how work is done in health care versus
other industries, rather than flaws in primary study reporting
or gaps in the literature. For example, performance measure-
ment in management settings usually consists of supervisory
ratings, and feedback involves a face-to-face conversation
rather than reports of countable performance episodes. Con-
sequently, studies exhibiting feedback characteristics such as
praise, goal setting, etc, are much more readily available.
There may be other format and content cues not tested by
Kluger and DeNisi’s work that could be more relevant to
reports of countable clinical performance episodes — an area
for future research.

Implications

Health care systems have invested many resources in
developing interventions to change provider behavior and
improve quality of care. A&F has gained increased accep-
tance as a strategy to change provider behavior and is now a

© 2009 Lippincott Williams & Wilkins

familiar, widely used intervention. This study provides evi-
dence of simple changes to A&F interventions that could be
implemented immediately (especially at facilities with elec-
tronic medical records) and could improve the quality of care.

This study also makes important theoretical contribu-
tions. Feedback is recognized by various organizational the-
ories as an important mechanism for regulating both individ-
ual and organizational behavior. This research replicates
many of the results originally found by Kluger and DeNisi in
a completely different literature; such replication enhances
the generalizability of FIT as an explanatory framework for
feedback effectiveness.

Finally, the present research introduces a much needed
theoretical framework to A&F research in health care and
provides a unifying paradigm for what previous studies have
found independently: feedback characteristics, such as for-
mat,”® timing, and frequency,'® task characteristics such as
complexity,' and situational variables such as goal setting all
affect feedback effectiveness. These results help (a) better
understand why feedback has been more effective in certain
conditions than others, (b) design more sophisticated, refined
feedback intervention initiatives for practice, and (c) possibly
significantly improve provider practice without investing pre-
cious resources in newer, riskier interventions. Correctly
designed and implemented A&F interventions*** could both
help improve quality of care directly and also complement the
effectiveness of other quality improvement strategies such as
continuing education and pay-for-performance. Future stud-
ies could test other portions of this theoretical framework to
select the areas of health care for which feedback interven-
tions would be best suited. Future research could also exam-
ine optimal ways of providing correct solution information;
research tells us that feedback should be nonpunitive'®262%;
what does that mean with respect to correct solution infor-
mation in primarily numerical feedback reports?

CONCLUSIONS

Despite mixed findings in previous reviews, A&F could
be a reasonably effective tool for changing provider behavior
and thus quality of care, if designed correctly. Feedback
reports containing specific suggestions for performance im-
provement, delivered in writing, and delivered frequently can
noticeably improve A&F effectiveness. Close attention to
other characteristics to improve feedback’s meaningfulness to
the feedback recipient could result in additional improve-
ments. FIT provides a viable theoretical framework to guide
decisions in designing future A&F interventions. However,
research with stricter experimental control and more detailed
reporting is sorely needed in this area to more precisely
identify the specific characteristics most likely to maximize
feedback effectiveness and improve quality of care.
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